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(54) EXERCISE MACHINE, PHYSICAL STRENGTH EVALUATING METHOD, AND PULSATION 
METER 



(57) In an exercise machine, when a measurement 
starts, an electrocardiographic signal is detected by an 
electrocardiographic sensor 1 (ST33), a load drive is 
started (ST4), and heartbeat rate intervals of the elec- 
trocardiographic signal are sequentially obtained. A 
fluctuation of heartbeat rate intervals Pl(n)% is obtained 
from a calculation formula in which the RR interval 
RR(n+1 ) of the current heartbeat is subtracted from the 
RR interval RR(n) of the previous heartbeat, which is 

FIQJ 



then divided by RR(n) and multiplied by 100% (ST5). 
Entropy is calculated from 128 pieces of such PI (ST6). 
From the change of the entropy under the gradually 
increasing load (ST8), a minimum point of the entropy is 
obtained, which point is designated as an anaerobic 
threshold point (ST7). The load of the exercise machine 
is controlled employing this anaerobic threshold. 
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s [0001] The present invention relates to an exercise machine, such as bicycle ergometer, treadmill and rowing 
ergometer. a physical strength evaluation method and a pulse rate meter. 

Background Art 

10 r00021 Method and apparatus for determining exertion levels interested in this invention are disclosed 

[n^nternational Publication No. WO96/20640. According to the disclosure, heartbeat of a person engaged in training , ■ 
" l a electrocardiographic signal obtained, a QRS complex waveform, for example ,s measure to 
culate the heartbeat rate. Based on a power of a spectrum derived from the heartbeat rate, an exert,on level of the exer- 
oising persor us ^ejrnjed ^ ^ ^ musouiar Qf g ed • 

exSe are d^ed>r example, in Japanese Patent Publication No. 7-38885. According to the ^disclosure atoad of 
an ^exercis'g person is calculated from the product of a heartbeat rate and a b.ood pressure under vasoconstr.ct.on, 
and from the result, the muscular endurance is calculated. . . rtV/0 

mool] The load of a person engaged in training or exercise has conventionally been measured as descnbed above. 
Such measurement has also made it possible to estimate the load of an exercising person. 

foooffl Con^ntionaily, exercise machines such as a bicycle ergometer and others have been commerc.al.y availa- 
LleS health maintenance and enhancement. In some of such exercise machines, a person mpute hisjer age, sex and 
me Kk and a^xercise program is arranged according to such information based on statistically predetermined exer- 
tion n^ a physical strength level, some machines have adapted a method M the max- 
ZrT oxvaen intake based on a change of pulsation or the like corresponding to a change of exert.cn load 
00 06 r^rfiwT*r d«i of safe and effective exercise; i.e., an anaerobic threshold (hereinafter, ateo 
Ed to X ThKhreshold value of exertion intensity shows a maximum exertion level at which exerc.se can be 
done without abrupt Urease of lactic acid in the biood. The AT is conventionally determined employing an ,n = 
mTtnod b^Sng a Hood sample to examine the lactic acid level, or in a restraining manner by measuring changes of 
nyvnpn and carbondioxide partial pressures in exhalation by breathing gas analysis. 

oxygen and ^^^w £ ical ^g^, there are conventionally known methods of estimating maximum 
Sn intake m— exertion intensity, maximum heartbeat rate and others based on a change of pulsation orthe 

^loT^cr^^ e^se machines and apparatuses for determining exertion levels, however, have 
35 posed the following problems: 

© The data obtained from the apparatus and method for determining the exertion level has been ^used only phys- 
iologically to determine the exertion level in training or exercise; the data has not been ut,l.zed effectwely. 
© iSng of exertion intensity does not conform to working capacrty of each person; a sought-after effect cannot 
40 be obtained sufficiently from the exercise. wnr kinn caoacrtv 

® Although the AT is considered most appropriate as the exert.on .ntensrty ,n conformity wrth * e wo ^9 
of the individual, measurement of the AT is restraining and requires a special apparatus such as a breath.ng gas 
analvzer such a measuring apparatus cannot practically be mounted on an exerc.se mach.ne. 
S^^ktZJi-i -robic working capacity important for decision of physical strength, cannot be deter- 
mined by or displayed on the exercise machine due to the reason stated in ® above. 

r00091 The present invention is directed to solve the above-described problems, and its object is to provide an exer- 
Sse machin^whTch SI an exertion levelto be readily and accurately found so that the value can be used for effective 

Si of' Another object of the present invention is to provide an exercise machine which allows an anaerobic thresh- 
old to be readily and accurately found so that the value can be used for effective tra.n.ng. tronn t hwa „, 
ran 11 Yet another object of the present invention is to provide an exercise mach.ne and a phys.cal s rength evalu- 
ate method wh"cl a S physical strength and exertion levels to be readily found at the same time, a low a user to 
unde^nd h is ter own working capacity in more detail to do appropriate exercise, and allow the phys.ca. strength and 
exertion levels to be evaluated with high precision in a time period as short as possible. 

IO01T A ^further object of the present invention is to provide a pulse rate meter which allows an exertion level to 
be readily and accurately found. 
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Disclosure of the Invention 

[0013] The exercise machine according to the present invention includes: a load device capable of changing a load; 
a physiological signal measuring unit measuring a physiological signal noninvasive^ overtime; an exertion level esti- 

5 mating unit, estimating an exertion level based on the physiological signal corresponding to the change of the load of 
the load device; and a unit for controlling the load of the load device employing the exertion level estimated. 
[0014] The exertion level is estimated based on the physiological signal corresponding to the change of the load of 
the load device, and the load of the load device is controlled to come close to the estimated exertion level. Therefore, 
an exercise machine allowing a user to do appropriate exercise corresponding to his/her own working capacity can be 

io provided. 

[0015] Preferably, the exertion level estimating unit estimates the exertion level based on a change of the physio- 
logical signal in response to the change of the load of the load device. 

[0016] More preferably, the exertion level estimating unit estimates an anaerobic threshold as the exertion level. 
[0017] The exertion level estimating unit estimates the anaerobe threshold as the exertion level, and the load of the 
is exercise machine is controlled based on this threshold value. Thus, an exercise machine allowing a user to do appro- 
priate exercise more efficiently corresponding to his/her own working capacity can be provided. 

[0018] According to an aspect of the present invention, the exertion level estimating unit includes a unit for calcu- 
lating a fluctuation of heartbeat rate intervals in each electrocardiographic signal detected, a unit for calculating a power 
of the fluctuation of heartbeat rate intervals and a unit for finding a convergence point of a change of the power with 
20 respect to the increase of the load, and estimates an exertion load corresponding to the convergence point as the exer- 
tion level. 

[0019] The fluctuation of heartbeat rate intervals in the electrocardiographic signal is calculated and the conver- 
gence point of the power change of the fluctuation with respect to the load increase is obtained to estimate the exertion 
level. Thus, an exercise machine capable of evaluating the exertion level with high precision in a short time period can 
25 be provided. 

[0020] According to another aspect of the present invention, the exercise machine includes: a load device gradually 
increasing a load overtime; an electrocardiographic sensor detecting an electrocardiographic signal; a unit for measur- 
ing a heartbeat rate of the electrocardiographic signal detected while the load is gradually increased; a unit for calculat- 
ing a fluctuation of heartbeat rate intervals in the electrocardiographic signal; an exertion level estimating unit estimating 
30 an exertion level based on the heartbeat rate and the fluctuation of heartbeat rate intervals; a unit for estimating physical 
strength based on a slope of the change of the heartbeat rate with respect to the change of the load around the exertion 
level estimated by the exertion level estimating unit; and a unit for controlling the load device to make the load come 
close to the level corresponding to the estimated physical strength. 

[0021] : The heartbeat rate of the electrocardiographic signal detected while gradually increasing the load is meas- 
35 ured, a fluctuation of which is calculated, and the exertion level is estimated based on the heartbeat rate and the fluc- 
tuation of heartbeat rate intervals. The load of the load device is controlled to come around the estimated exertion level. 
Therefore, an exercise machine allowing a user to understand his/her own working capacity more precisely and hence 
to do appropriate exercise can be provided. 

[0022] According to a still further aspect of the present invention, the physical strength evaluating method includes 
40 the steps of: gradually increasing a load of a load device; detecting by an electrocardiographic sensor an electrocardi- 
ographic signal under an increasing exertion load while the load is gradually increased; finding a heartbeat rate and a 
fluctuation of heartbeat rate intervals from the electrocardiographic signal detected; and estimating physical strength 
and an exertion level at the same time from the heartbeat rate and the fluctuation of heartbeat rate intervals thus 
obtained. 

45 [0023] The electrocardiographic sensor detects the electrocardiographic signal corresponding to the increasing 
exertion load, and the heartbeat rate and the fluctuation of heartbeat rate intervals are obtained from the detected elec- 
trocardiographic signal. Based on thus obtained heartbeat rate and fluctuation of heartbeat rate intervals, the physical 
strength and the exertion level are estimated at the same time. Thus, a physical strength evaluating method capable of 
evaluating the physical strength and the exertion level with high precision in a short time period can be provided. 

so [0024] According to yet another aspect of the present invention, the pulse rate meter includes: a pulse rate sensor 
detecting a pulse rate signal produced by a heart; an alarm unit demanding a gradual increase of a pitch of exercise; 
an exertion level estimating unit estimating an exertion level based on the pulse rate signal detected by the pulse rate 
sensor while exercise is gradually intensified; and a unit for setting a pace based on the pitch of exercise corresponding 
to the exertion level estimated. 

55 [0025] As the pulse rate meter can estimate the exertion level from the pulse rate signal detected while the pitch of 
exercise is gradually increased, it is possible to readily find an exertion level of an individual while he/she is engaged in 
exercise in the field. 
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Brief Description of the Drawings 
[0026] 

Fig. 1 is a block diagram showing a circuit configuration of a bicycle ergometer according to an embodiment of the 
present invention. 

Rg. 2 is a perspective view of the bicycle ergometer. 

Rg. 3 illustrates distribution of anaerobic thresholds with respect to respective maximum heartbeat rates. 
Rg. 4 is a flow chart illustrating a processing operation for AT estimation of the bicycle ergometer of a first example. 
Rgs. 5A and 5B illustrate a gradual load increase by an exercise machine and an entropy change of fluctuation of 
heartbeat rate intervals. 

Rg. 6 is a flow chart illustrating an example of an exercise program corresponding to AT. 

Rg. 7 is a flow chart illustrating a processing operation of the bicycle ergometer of a second example. 

Rg. B shows a relation between the heartbeat rate and the entropy of fluctuation of heartbeat rate intervals while a 

load is gradually increased in the bicycle ergometer of the second example. 

Rg. 9 shows a relation between the load and the heartbeat rate while the load is gradually increased in the bicycle 
ergometer of the second example. 

Rg. 1 0 shows, in a worn state, one of the electrocardiographic sensors being used in the bicycle ergometers of the 
first and second examples. 

Rg. 1 1 shows another electrocardiographic sensor being used in the bicycle ergometer of the first example. 

Rg. 1 2 shows yet another electrocardiographic sensor being used in the bicycle ergometers of the first and second 

examples. 

Rg. 13 shows, in a worn state, a pulse rate sensor being used in the bicycle ergometer according to the first 
embodiment. 

Rgs. 14A and 14B each show, in a worn state, a blood pressure gauge for finger being used in the bicycle ergom- 
eter according to the first embodiment. 

Rgs. 15A and 15B illustrate a way of detecting the breathing rate employed in the bicycle ergometer according to 
the first embodiment. 

Rg. 16 is a perspective view of a treadmill as another example of the exercise machine implementing the present 
invention. 

Rg. 1 7 shows a rowing ergometer as a further example of the exercise machine implementing the present inven- 
tion. 

Rg. 1 8 is a flow chart showing contents of processing according to a second embodiment, for controlling a load by 

calculating a power of fluctuation of heartbeat rate intervals. 

Rgs. 1 9A and 1 9B show a relation between the load and the power of fluctuation. 

Rg. 20 is a block diagram showing a configuration of a pulse rate meter according to a fourth embodiment. 
Rg. 21 illustrates how a heartbeat rate meter according to the fourth embodiment is worn by a test subject 
Rg. 22 is a flow chart showing a processing operation of the heartbeat rate meter according to the fourth embodi- 
ment. 

Best Modes for Carrying Out the Invention 

[00271 Hereinafter, embodiments of the present invention will be described with reference to the drawings. 
(1) First Embodiment 

[0028] Fig. 1 is a block diagram showing a circuit configuration of a bicycle ergometer that is an example of the exer- 
cise machine according to the first embodiment of the present invention. This ergometer includes; an electrocardio- 
graphic sensor 1 detecting an electrocardiographic signal; a preamplifier 2 amplifying the output signal; a filter 3 
removing noise; an amplifier 4 further amplifying the electrocardiographic signal to an appropriate level; an A/D con- 
verter 5; a CPU 6 performing various kinds processing; a key input device 7; a display 8; and a load device (applying a 
rotation load) 9. 

[0029] Rg. 2 is a perspective view of the bicycle ergometer according to this embodiment. Referring to Fig. 2, tne 
bicycle ergometer includes: a saddle 1 1 ; a handle 12; a manipulation unit 13; pedals 14; a front foot frame 15; and a 
hind foot frame 16. Manipulation unit 13 includes key input device 7 and display 8 (See Rg. 1). With this ergometer, a 
test subject (an exercising person) sits on saddle 1 1 and works pedals 14 to rotate them for exercise. Load device 9 
applies a load to pedals 1 4 to give them weight corresponding to a degree of exertion intensity. For the greater load, the 
larger amount of exercise is naturally needed to rotate pedals 14 a fixed number of times. Electrodes of electrocardio- 
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graphic sensor 1 are attached to the chest of the subject by means of a belt. The electrocardiographic signal detected 
is transmitted by radio to manipulation unit 13 and other circuits for processing. 

[0030] Fig. 10 illustrates an example of how electrocardiographic sensor 1 is worn. A chest belt 41 incorporating a 
pair of electrodes and a transmitter is worn around the chest of the subject M. Handle 12 incorporates a receiver (cor- 

5 responding to manipulation unit 13 of Fig. 2) 42. 

[0031] Fig. 1 1 shows another example of the electrocardiographic sensor for use with the bicycle ergometer. Elec- 
trodes 43, 44 for electrocardiographic detection are provided in handle 12. Gripping the handles, and hence, electrodes 
43, 44 with respective hands enables the electrocardiographic detection. Electrodes 43, 44 are connected to the cir- 
cuitry within the body of ergometer. 

10 [0032] Fig. 1 2 illustrates still another example of the electrocardiographic sensor used with the bicycle ergometer. 
Referring to Fig. 12, three electrodes 45, 46, 47 of G (ground), + (plus) and - (minus), respectively, are attached to the 
chest of the exercising person M. This sensor is of a chest leads type with the electrodes being connected to the cir- 
cuitry within the ergometer body by wire 48 for detection of the electrocardiographic signal. 

[0033] Fig. 1 3 shows an example of a pulsation sensor for use with the bicycle ergometer. The pulsation sensor 49 
is is attached to an eariobe of the subject M for detection of pulsation. 

[0034] In a conventional exercise machine such as an ergometer, an exercise program for weight reduction or 
enhancement of physical strength was determined based on the statistic data stating that the AT point as an example 
of exertion level should be around 55% of the maximum heartbeat rate (maximum exertion intensity) determined by age 
or the like having been input. 

20 [0035] In practice, however, the actual measurement of AT represented in % as a ratio to the maximum heartbeat 
rate greatly differs from person to person, as shown in Fig. 3. Fig. 3 shows distribution of the AT measurements of 24 
male students, with their respective maximum heartbeat rates being 100%. Thus, the exercise program based on the 
exertion intensity statistically determined in the conventional manner is not necessarily best suited for each person. 
[0036] In the bicycle ergometer according to the present embodiment, in addition to the conventionally displayed 

25 physical strength level that is shown by estimating the maximum exertion intensity such as the maximum oxygen intake 
(maximum heartbeat rate), an AT as an example of exertion level is estimated at the same time from a fluctuation of 
heartbeat rate intervals, and is output for display as aerobic working capacity. 

[0037] Now, the processing operation of the bicycle ergometer according to the present embodiment will be 
described with reference to the flow chart shown in Fig. 4. When measurement start key depress information is input 
30 from key input device 7 to CPU 6, the measurement is started. First, an electrocardiographic signal at rest is detected 
by electrocardiographic sensor 1 (step ST1 ; hereinafter "step" is not repeated). A calibration operation is performed so 
that this signal from electrocardiographic sensor 1 reaches a certain fixed level (ST2). To accomplish this calibration 
operation, a gain is adjusted at amplifier 4 according to a signal from CPU 6. 

[0038] "Start measurement" is displayed on display 8 (ST3), and load control of load device 9 is started (ST4). As 
35 the load of load device 9, a ramp load of 15 W [watt] per minute is applied. The peak value of the electrocardiographic 
signal is detected to obtain RR interval data (one cycle of heartbeat). Using thus obtained RR data, PI (Percent Index) 
is calculated (ST5). Herein, the PI represents, in percentage, a ratio of a difference between the previous cycle and the 
current cycle to the previous cycle, which is calculated from the following expression: 

40 Pl(n)% = {RR(n) - RR(N+1)} / RR(n) x 100% 

[0039] Herein, this PI is called a fluctuation of heartbeat rate intervals. 

[0040] From 128 pieces of this PI data, or at an interval of every two minutes, frequency distribution in percentage 
is calculated. From P(i) = f(i) /f , and according to the following expression (1), entropy H of the fluctuation of heartbeat 
45 rate intervals is calculated (ST6). 



H=-£ P(i)log 2 P(i) 0) 



[0041] Thereafter, a decision is made whether the AT point is reached (ST7). As shown in Figs. 5A and 5B, if the 
entropy decreases as the amount of exercise increases, the decision is NO. The load is thus increased gradually (ST8), 
while the PI value and entropy are calculated continuously (ST5, ST6). As shown in Fig. 5A, when the entropy reaches 
55 its polarization point (minimum point), the point is regarded as the AT point. Thus, the decision in ST7 is YES, and this 
result is displayed on display 8 (ST9). The result includes heartbeat rate (bPM), load intensity (W), time (min) orthe like 
at the AT point. After the display of the result, the load is decreased for cooling down (ST1 0). After one minute of the 
cooling down, application of the load is stopped, and the control is terminated (ST1 1). 



5 



BNSDOCID: <EP 10591 02A1 Jj> 



EP1 059 102 A1 



[0042] The bicycle ergometer according to the present embodiment has a capability to readily obtain the AT. Con* 
ventionally, the exertion intensity of the exercise program for weight reduction, enhancement of physical strength or the 
like was set as its ratio to the maximum heartbeat rate in percentage, e.g., 65% for weight reduction, and 75% for phys- 
ical strength enhancement. Conversely, with the present embodiment, such exertion intensity can be set like 18% less 
or 1 8% greater than the AT point. Thus, it becomes possible to adjust the exertion intensity to conform to the exertion 
level of the individual. 

[0043] Fig. 6 is a flow chart showing an example of the process to determine exertion intensity from an estimated 
AT in the exercise machine according to the present embodiment. When the AT point is estimated (ST21 ), or, if the AT 
value of the specific person is already known and it is input via key input device 7 (ST22), then a determination is made 
whether a weight reduction program is designated (ST23). If YES, the load is set to 82% of the AT (ST24). If the weight 
reduction program is not designated, a determination is further made whether a physical strength enhancement pro- 
gram is designated (ST25). If YES, the load is set to 1 1 8% of the AT (ST26). If NO in ST25, control goes to still another 
process. 

[0044] The bicycle ergometer according to the present embodiment is able to readily estimate both the maximum 
heartbeat rate (exertion intensity) and the AT Thus, by showing in percentage a ratio of AT to the maximum heartbeat 
rate (exertion intensity) for each person, it is possible to show aerobic working capacity of the person in relation to a 
statistical average level. Thus, with this exercise machine having such a display output capability, not only the simple 
physical strength level, but also the aerobic working capacity can be output for display, so that a user can readily know 
his/her aerobic working capacity that has never been known with ease. 

[0045] Another example of the ergometer according to the present embodiment will be described. The bicycle 
ergometer of this example has a circuit configuration similar to the one shown in Fig. 1, and again, in addition to the 
conventional display of physical strength level provided based on the estimation of the maximum exertion intensity such 
as the maximum oxygen intake (maximum heartbeat rate), it can estimate, at the same time, the AT from the fluctuation 
of heartbeat rate intervals, and output it for display as the aerobic working capacity. 

[0046] The entire operation of the exercise machine of this example will be described with reference to the flow 
chart shown in Fig. 7. When the operation starts, personal data, such as age, sex or the like, is entered via key input 
device 7 (ST31). Next, a determination is made whether only the AT is to be estimated (ST32). If so with only the esti- 
mation of AT having been designated via key input device 7, entropy of a heartbeat rate fluctuation at rest is calculated 
(ST33). If this entropy level is less than 2.0, it is determined that the AT estimation is impossible, and the estimation is 
terminated (ST35). This is because some test subjects exhibit almost no heartbeat rate fluctuation and hence a low 
entropy level at rest, and therefore, even if they are subjected to an exertion load test, the AT determination is expected 
to be very difficult. Thus, it is determined in advance that the AT estimation is impossible for them, such that they need 
not do unnecessary exercise. 

[0047] For a test subject with the entropy level at least 2, or for a subject requesting estimation of both the AT and 
the physical strength, the heartbeat rate at rest is measured (ST36) and the exertion load test is conducted. At this time, 
an initial load value and an exertion load pattern of, e.g., gradually increasing ramp load are determined based on the 
personal data (ST37, ST38). Specifically, as it is inefficient to use the same pattern for persons with different physical 
strength levels, the personal data including age, sex or the like is referred to, and, for a subject with high physical 
strength level, initial values of the exertion load level and of a load increasing rate are set high. It should be understood, 
however, in order to maintain high precision in estimation, the load increasing rate exceeding a certain level, e.g., 40 
W/min, is not applied in this case. 

[0048] After the exertion load test, the physical strength and the AT level are estimated (ST39). Thereafter, a deter- 
mination is made whether the AT estimation was possible (ST40). If the AT estimation was not possible, a statistical AT 
level, for example, 55% of the maximum heartbeat rate, is estimated from the estimated physical strength level (maxi- 
mum heartbeat rate) (ST41), and output with the physical strength level (ST42). If it was possible to estimate the AT in 
ST40, thus estimated AT level and the physical strength level are likewise output (ST42). 

[0049] The above-described tests of physical strength and AT are conducted as follows. For the AT, the heartbeat 
rate interval data obtained by the exertion load test is used to find a relation between the heartbeat rate and the entropy 
of the fluctuation of heartbeat rate intervals as shown in Fig. 8. The AT is obtained as a heartbeat rate at the minimum 
point of the entropy. 

[0050] To obtain the entropy of the heartbeat rate fluctuation, the PI is first calculated using the RR data and the 
following expression (2). 

Pi(n)% = {RR(n) - RR(n+1)}/ R(n) x 100 (2) 

[0051] From 128 pieces of such PI data, or at an interval of every two minutes, frequency distribution in percentage 
is calculated. P(i) = f i / f is then found, and the entropy H is calculated using the expression (1) explained in conjunc- 
tion with Fig. 4. 
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[0052] Next, the physical strength level corresponding to the maximum exertion intensity is estimated based on the 
estimated AT, by finding a slope of the heartbeat rate change with respect to the exertion load level (W) within a prede- 
termined range of; e.g., ± 20 beats around the heartbeat rate at the estimated AT level, as shown in Fig. 9. If the AT 
estimation was not possible, a similar estimation is carried out in a range of ± 20 beats around an index that is deter- 
5 mined by {(200 - age) - heartbeat rate at rest} x 0.55 + heartbeat rate at rest . 

[0053] Accordingly, it is possible to estimate, from the electrocardiographic signal obtained at the exertion load test, 
the AT and the physical strength simultaneously and efficiently in a least possible time period. 

[0054] Each example described above has used the electrocardiographic signal measured by the electrocardio- 
graphic sensor as a physiological signal, and has employed the fluctuation of heartbeat rate intervals for estimation. 

10 Instead of the electrocardiographic signal, DP (Double Product) (blood pressure x heartbeat rate) or a breathing rate 
may be used as the physiological signal. The blood pressure during exercise can be measured, for example, by con- 
tacting handle 12 of the bicycle ergometer with a cuff 50 of a blood pressure gauge for finger, as shown in Figs. 14A, 
14B. In Fig. 14B, 51 denotes an air tube with a pulse signal line 52. The heartbeat rate can of course be measured by 
various kinds of electrocardiographic sensors as described above. The breathing rate is measured by attaching a ther- 

15 mistor 53 to the nose of the exercising person M. Thermistor 53, which is held, for example, by a tape 54 widening the 
nostril (see Fig. 15B), detects the temperature change due to breathing to measure the breathing rate. 
[0055] In addition, although the bicycle ergometer has been used as the load device capable of changing a load in 
each example described above, the present invention is also applicable to a treadmill as shown in Fig. 16, a rowing 
ergometer in Fig. 17, or the like. 

20 [0056] Referring to Fig. 1 6, a running belt is denoted by 21 . A manipulation unit 22 includes a display portion, a key 
input portion and the like. When a power supply switch 23 is turned on, a built-in motor starts to move running belt 21 . 
A person about to do exercise gets on this running belt 21, adjusts the moving rate of the belt, and starts running. In 
this treadmill, changing the number of rotation of the motor or the angle of inclination of the running belt can change the 
load. 

25 [0057] The rowing ergometer shown in Fig. 17 includes a seat 31, a rail 32, a power supply switch 33, a foot rest 
34, a bar 35 and a manipulation panel 36. A person about to do exercise sits on seat 31 and pulls the bar 35 with a rope 
attached thereto close to him/her and returns it back to its initial position repeatedly, so that he/she can do exercise feel- 
ing the load power incorporated. In this rowing ergometer, changing the tensile force of the bar that works to let it return 
to its initial position can alter the load. 

30 

(2) Second Embodiment 

[0058] Hereinafter, the second embodiment of the present invention will be described. In the second embodiment, 
the anaerobic threshold is estimated utilizing a power of the fluctuation of heartbeat rate intervals. A bicycle ergometer 
35 being used and data being obtained from a test subject in the second embodiment are similar to those in the first 
embodiment. 

[0059] Fig. 18 is a flow chart showing contents of electrocardiographic signal processing according to the second 
embodiment. Referring to Fig. 18, in this embodiment, the electrocardiographic signal at rest is first detected (ST51). 
Calibration is then conducted, start of measurement is displayed, and load control is started (ST52-ST54). The steps 
40 heretofore are the same as in the first embodiment. 

[0060] In the second embodiment, the peak of the electrocardiographic signal from electrocardiographic sensor 1 
is detected, and RR interval data (one cycle of the heartbeat rate) is calculated. Based on the RR interval data, a power 
is calculated using the following expression (3): 

45 power (n) [ms 2 ] = {RR(n-1 ) - RR(n)} 2 (3) 

[0061] That is, the power is the square of the difference between the previous RR interval and the current RR inter- 
val. Herein, this power is called a power of the fluctuation of heartbeat rate intervals. The average value of this power 
data for 30 seconds, detected in 15 seconds, is used for estimation of the anaerobic threshold as an example of the 
so exertion level. 

[0062] Next, in ST56, a determination is made whether the AT point has been reached. Figs. 1 9A and 1 9B illustrate 
changes of the power of the fluctuation and the load over time. As shown in Figs. 1 9A and 1 9B, the power of the fluctu- 
ation decreases to converge as the exertion load increases. The convergence point of the curved line showing the var- 
iation in the power of the fluctuation corresponds to the AT point. Herein, the convergence point is determined so when 
55 the power of the fluctuation becomes lower than a predetermined bottom value and when the difference from the pre- 
vious power value (power (n-1) - power (n): slope of the curved line showing the variation of the fluctuation power) 
becomes lower than a predetermined reference value. 

[0063] The load is increased until the AT point is obtained (ST57). When the anaerobic threshold point is reached 
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(YES in ST56), the result is displayed, the load is decreased, and the load control is terminated (ST58-ST60). These 
steps are again the same as those in the first embodiment. 

(3) Third Embodiment 

[0064] Now, the third embodiment of the present invention will be described. A load of exercise may be controlled 
employing an oxygen intake, which is calculated from a load upon appearance of the anaerobic threshold detected by 
a method of either the first or the second embodiment The oxygen intake (V02) is calculated from the load at the time 
of appearance of the AT using a conversion formula, and V02 per 1 kilogram of weight is obtained. 
[0065] For example, when a person weighing 70 kg exercises with a bicycle ergometer and the AT appears at 
1 00W, then the oxygen intake is calculated by the following expression (4): 

V02 (ml/kg/min) = load (W) - 0.232 x 14.3 -r 5.0 - weight (kg) (4) 

[0066] Herein, 0.232 means that the exercise efficiency of the bicycle ergometer is 23.2%. 14.3 is a conversion 
coefficient of 1 watt = 14.3 cal/min. 5.0 is a conversion coefficient meaning that 5.0 kcal is consumed with the oxygen 
consumption of 1 litter. The operation result is as follows: 

V02 (ml/kg/min) = 100 0.232 x 14.3 + 5.0 - 7.0 = 17.6 

[0067] This means that the V02 at the time of appearance of the anaerobic threshold is 1 7.6 (ml/kg/min). 
[0068] As the AT of a healthy person generally appears at about 55% of the maximum oxygen intake (V02max), 
the physical strength is measured by regarding the 55% of the standard value of V02max at each age as the standard 
value of the anaerobic threshold. 

(4) Fourth Embodiment 

[0069] Now, the fourth embodiment of the present invention will be described. In the fourth embodiment, the 
method of detecting the anaerobic threshold as an example of the exertion level described in the first through third 
embodiments is applied to a pulse rate meter such as a heartbeat rate meter. 

[0070] The configuration of the heartbeat rate meter according to the present embodiment is shown in Fig. 20. 
Referring to Fig. 20, the heartbeat rate meter of this embodiment includes: a heartbeat rate sensor 61; a preamplifier 
62 amplifying a heartbeat rate signal detected by heartbeat rate sensor 61 ; a filter 63 removing noise; an amplifier 64 
further amplifying the heartbeat rate signal amplified and filtered; an A/D converter 65; a CPU 66 performing various 
kinds of processing including estimation of an anaerobic threshold; a key input device 67; a display 68; a memory 69; 
and an alarm 70. 

[0071] With the heartbeat rate meter according to the present embodiment, when the heartbeat rate reaches the 
AT level, alarm 70 notifies that it is at the anaerobic threshold level. Display 68 displays the same information. Display 
68 and alarm 70 also designate a pace of exercise at the anaerobic threshold level. Further, an exercise time with exer- 
tion intensity within a target zone that is set on the basis of the anaerobic threshold, and an exercise time with exertion 
intensity stronger or weaker than the exertion intensity in this range are calculated, and also displayed on display 68. 
The respective exercise times are stored in memory 69. 

[0072] Fig. 21 shows, by way of example, how the heartbeat rate meter according to the present embodiment is 
worn. This heartbeat rate meter is formed of an enclosure 71 and a body 72 in the form of a wristwatch. Enclosure 71 
includes electrocardiographic electrodes 73 and a transmitter 74, and body 72 receives the heartbeat rate signal trans- 
mitted. In terms of the circuit configuration, a transmitting unit and a receiving unit are provided anywhere between 
preamplifier 62 and A/D converter 65 shown in Fig. 20. Although body 72 is shown in the form of wristwatch, it may be 
a box having a manipulation panel or the like, dependent on a type of exercise. 

[0073] Now, the processing operation of the heartbeat rate meter according to the present embodiment will be 
described with reference to the flow chart shown in Fig. 22. When start key depress information is input from key input 
device 7 to CPU 6, the measurement is started, and a determination is first made whether it is an AT input mode (ST71 ). 
If so, the AT pitch previously determined or the like is input, or read out from memory 69 (ST77). Thereafter, step ST76 
and subsequent steps are carried out, which will be described later. 

[0074] In ST71 , if it is not the AT input mode and if the AT should be estimated, then a rest state is designated by 
alarm 70, and the heartbeat rate data at rest is input to CPU 66. At this time, calibration is performed such that the sig- 
nal from heartbeat rate sensor 61 attains a prescribed fixed level (ST72). 

[0075] Next, alarm 70 demands an exercise at a pitch corresponding to that of walking. The heartbeat rate data at 
this time is taken into CPU 6. The anaerobic threshold is then estimated (ST73). For this estimation of the anaerobic 
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threshold, the pitch is gradually increased, and the corresponding heartbeat rate data are taken into CPU 66. The RR 
interval data is extracted, and then, the PI is calculated. Here, the PI is calculated by the expression (2) described 
above. 

[0076] From 128 pieces of the PI data, or at an interval of every two minutes, frequency distribution in percentage 
5 is calculated. From P(i) = f(i) / f , according to the expression 2 as in the first embodiment, the minimum point of the 
entropy is detected and the anaerobic threshold is estimated (ST73, ST74). 

[0077] The heartbeat rate and the pitch at this time are stored as the AT heartbeat rate and the AT pitch in memory 
69, while they are displayed on display 68 and notified by alarm 70 (ST75). 

[0078] Next, the AT pitch is used to set a pace of exercise. This pace of exercise is designated via display 68 and 
w alarm 70 (ST76). A determination is then made whether the exercise is being done with the exertion intensity within a 
target zone that is set based on the AT pitch, or It is being done with the exertion intensity stronger or weaker than that 
in this range (ST78). According to the determination, "appropriate" (ST79), "strong" (ST80) or "weak" is displayed 
(ST81). Exercise times corresponding to respective exertion intensities are stored in memory 69 and displayed on dis- 
play 68 (ST82). Alternatively, they may be only displayed on display 68 or only stored in memory 69. 
15 [0079] In the heartbeat rate meter shown in Fig. 21, if a pulse rate sensor 61a is used in place of heartbeat rate 
sensor 61 , it becomes a pulse rate meter, which can be utilized in the same manner as the heartbeat rate meter. 
[0080] In the fourth embodiment, entropy is used for detection of the anaerobic threshold. Not limited thereto, how- 
ever, the anaerobic threshold may also be detected employing the second or third embodiment. 

[0081] Further, in the embodiments above, the anaerobic threshold has been used as the exertion level. Not limited 
20 thereto, however, the exertion level may of course be obtained employing any other data as long as it is based on the 
change of a physiological signal corresponding to the change of a load of the load device. 

Industrial Applicability 

25 [0082] As explained above, the exercise machine according to the present invention estimates the anaerobic 
threshold based on an electrocardiographic signal corresponding to the change of a load of the load device, and con- 
trols the load based on the estimated value. Thus, an exercise machine permitting each person to do appropriate exer- 
cise in conformity with his/her own physical strength can be provided. 

30 Claims 

1 . An exercise machine comprising: 

a load device capable of changing a load; 
35 a physiological signal measuring unit measuring. a physiological signal noninvasive^ overtime; 

an exertion level estimating unit estimating an exertion level based on the physiological signal corresponding 
to a change of the load of said load device; and 

a changing unit for changing the load of said load device employing the exertion level estimated. 

The exercise machine according to claim 1 , wherein said exertion level estimating unit estimates the exertion level 
based on a change of said physiological signal in response to the change of the load in said load device. 

The exercise machine according to daim 2, wherein said exertion level estimating unit estimates an anaerobic 
threshold as said exertion level. 

The exercise machine according to any of claims 1-3, wherein 

said load device is capable of gradually increasing the load over time, 

said physiological signal measuring unit is an electrocardiographic sensor detecting an electrocardiographic 
signal, and 

said exertion level estimating unit estimates the exertion level based on the electrocardiographic signal 
detected while said load is gradually increased. 

The exercise machine according to claim 4, wherein said electrocardiographic sensor detects the electrocardio- 
graphic signal from an electrode provided in a grip portion. 

The exercise machine according to claim 4, wherein said electrocardiographic sensor includes a pair of electrodes 
and a transmitter provided in a chest belt. 
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7. The exercise machine according to claim 4, wherein said electrocardiographic sensor is of a chest leads type in 
which an electrode is attached to a chest of an exercising person by an adhesive material. 

8 The exercise machine according to claim 4, wherein said exertion level estimating unit estimates said anaerobic 
threshold based on a fluctuation of heartbeat rate intervals in each electrocardiographic signal detected. 

9 The exercise machine according to claim 4, wherein said exertion level estimating unit includes a unit for calculating 
the fluctuation of heartbeat rate intervals in each electrocardiographic signal detected, a unit for calculating entropy 
of the fluctuation of heartbeat rate intervals, and a unitforfinding a minimum point of a characteristic change of the 
entropy with respect to an increase of the load, and estimates a load corresponding to the minimum point as the 
anaerobic threshold. 

10 The exercise machine according to any of claims 1-3, wherein said physiological signal measuring unit includes a 
blood pressure measuring unit and an electrocardiographic sensor, and said exertion level estimating unit esti- 
mates the exertion level by multiplying the blood pressure by the heartbeat rate. 

11 The exercise machine according to any of claims 1 -3, wherein said physiological signal measuring unit includes a 
' breathing sensor, and said exertion level estimating unit estimates the exertion level based on the breathing rate. 

12 The exercise machine accordingto claim 4, wherein said exertion level estimating unit includes a unit for calculating 
" a fluctuation of heartbeat rate intervals in each electrocardiographic signal detected, a unit for calculating a power 

of the fluctuation of heartbeat rate intervals, and a unit for finding a convergence point of a change of the power 
with respect to an increase of the load, and estimates an exertion load corresponding to said convergence point as 
the exertion level. 

13 The exercise machine according to any of claims 1 -4 comprising a unit for inputting an exertion level, wherein said 
' changing unit for changing the load of the load device can also determine the exertion level based on the input exer- 
tion level. 

14. The exercise machine according to any of claims 1 -4, comprising a unit for determining an exercise program based 
on said exertion level and a unit for outputting the exercise program determined. 

15. The exercise machine according to claim 14, wherein a pitch or load is altered so that the exercise is proceeded 
accordingto said exercise program. 

16. The exercise machine according to any of claims 1-4 or 13-15, wherein aerobic working capacity is evaluated 
based on a ratio, in percentage, of the estimated exertion level to a maximum heartbeat rate. 

17. An exercise machine, comprising: 

a load device gradually increasing a load over time; 

an electrocardiographic sensor detecting an electrocardiographic signal; 

a unit for measuring a heartbeat rate of the electrocardiographic signal detected while the load is gradually 
increased* 

a unit for calculating a fluctuation of heartbeat rate intervals in the electrocardiographic signal; 

an exertion level estimating unit estimating an exertion level based on said heartbeat rate and said fluctuation 

of heartbeat rate intervals; and 

a unit for controlling the load of the load device based on the exertion level estimated. 

18. The exercise machine according to claim 17, wherein said exertion level is an anaerobic threshold. 

19. The exercise machine according to any of claims 1 -4 or 13-15, wherein aerobic working capacity is evaluated from 
an estimated value of oxygen intake at the exertion level estimated. 

20. An exercise machine, comprising: 

a load device gradually increasing a load over time; 

an electrocardiographic sensor detecting an electrocardiographic signal; 
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a unit for measuring a heartbeat rate of the electrocardiographic signal detected while the load is gradually 
increased; 

a unit for calculating a fluctuation of heartbeat rate intervals in the electrocardiographic signal; 
an exertion level estimating unit estimating an exertion level based on said heartbeat rate and said fluctuation 
5 of heartbeat rate intervals; and 

a unit for estimating physical strength from a slope of a change of the heartbeat rate with respect to the change 
of the load around the exertion level estimated. 

The exercise machine according to claim 20, wherein said exertion level is an anaerobic threshold. 

The exercise machine according to claim 21 , wherein, if said exertion level estimating unit is unable to estimate the 
exertion level based on the fluctuation of heartbeat rate intervals, the exertion level is estimated and output based 
on other physiological information or physical information of a test subject. 

is 23. The exercise machine according to any of claims 17-20, comprising a determination unit for determining whether 
estimation of the exertion level is performed or not taking into account a degree of said fluctuation of heartbeat rate 
intervals at rest. 

24. The exercise machine according to any of claims 17-20, wherein said exertion level estimating unit conducts an 
20 exertion load test based on an initial value of the exertion load that is calculated from personal data including age, 

sex of a test subject. 

25. The exercise machine according to any of claims 17-20 or 24, wherein said exertion level estimating unit estimates 
the exertion level while the load of said load device is gradually increased at a speed lower than a prescribed 

25 speed. 

26. A method of evaluating physical strength, comprising the steps of: 

gradually increasing a load of a load device; 
30 detecting an electrocardiographic signal by an electrocardiographic sensor under an increasing exertion load 

while the load is gradually increased; 

finding a heartbeat rate and a fluctuation of heartbeat rate intervals from the electrocardiographic signal 
detected; and 

simultaneously estimating physical strength and an exertion level from the heartbeat rate and fluctuation of 
35 heartbeat rate intervals thus found. 

27. The physical strength evaluating method according to claim 26, wherein said exertion level is an anaerobic thresh- 
old. 

40 28. A pulse rate meter, comprising: 

a pulse rate sensor detecting a pulse rate signal produced by a heart; 
an alarm unit demanding a gradual increase of a pitch of exercise; 

an exertion level estimating unit estimating an exertion level based on the pulse rate signal detected by the 
45 pulse rate sensor while exercise is gradually intensified; and 

a unit for setting a pace based on the pitch of exercise upon estimation of said exertion level. 

29. The pulse rate meter according to claim 28, wherein said exertion level estimating unit estimates the exertion level 
based on a change of said pulse rate signal. 

50 

30. The pulse rate meter according to claim 29, wherein said estimated exertion level is an anaerobic threshold. 

31. The pulse rate meter according to any of claims 28-30, wherein said exertion level can be input using an input 
device. 

55 

32. The pulse rate meter according to any of claims 28-30, wherein said exertion level estimating unit estimates the 
exertion level based on a fluctuation of pulse rate intervals. 



11 



BNSDOCID: <EP 10591 02A1_I_> 



EP 1 059 102 A1 



5 the exertion level. 

34 The pulse rate meter according to any of claims 28-30, 32 or 33, comprising an alarm unit notifying of completion 
of estimation by said exertion level estimating unit upon the completion. 
» 35 The pulse rate meter according to any of claims 28-33, wherein said estimated exertion .eve, is output for display. 

and/or a unit for storing the exercise times. 

~4 ^»«ir^o oq on wi/hprpin said exertion level estimating unit includes a unit 

oSucLation of heartbeat rate intervals and a unit for finding a convergence pent of a change of 
Sexier of the load, and estimates an exertion load corresponding to sa,d conver- 
gence point as the exertion level. 

25 

Amended claims under Art 1 9.1 PCT 

1 . (Deleted) 
30 2. (Deleted) 

3. (Deleted) 

4. (Deleted) 

35 

5. (Deleted) 

6. (Deleted) 
40 7. (Deleted) 

8. (Amended) An exercise machine, comprising: 

■. 'C^X.^-C^™«-ng . phy^ogic, e,g». noninvasive,, o^rr* 
SSH ^timaUng Jrtrtg » «*» level oae.d on th. phyWOSMC* eonespond.ng 

W esdmating unit estotating the exertion lev., based on the elearoeaniographic signal 

tion of heartbeat rate intervals in each electrocardiographic s.gnal detected. 

q , AmpnriprnT he exercise machine according to claim 8, wherein said exertion level estimating unit includes a unit 
SS^^iSS^e-lb^ rate 9 interva.s in each e.ectrocardiographic signa. detected, a un rt for cal- 
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culating entropy of the fluctuation of heartbeat rate intervals, and a unit for finding a minimum point of a character- 
istic change of the entropy with respect to an increase of the load, and estimates a load corresponding to the 
minimum point as the anaerobic threshold. 

5 10. (Deleted) 

1 1 . (Amended) An exercise machine, comprising: 

a load device capable of changing a load; 
w a physiological signal measuring unit measuring a physiological signal noninvasively overtime; 

an exertion level estimating unit estimating an exertion level based on the physiological signal corresponding 
to a change of the load of said load device; and 

a changing unit changing the load of said load device employing the exertion level estimated; 
said exertion level estimating unit estimating the exertion level based on a change of said physiological signal 
15 in response to the change of the load of said load device, and 

said physiological signal measuring unit including a breathing sensor, and said exertion level estimating unit 
estimating the exertion level based on the breathing rate. 

12. (Amended) An exercise machine, comprising: 

20 

a load device capable of changing a load; 

a physiological signal measuring unit measuring a physiological signal noninvasively overtime; 
an exertion level estimating unit estimating an exertion level based on the physiological signal corresponding 
to a change of the load of said load device; and 
25 a changing unit changing the load of said load device employing the exertion level estimated; 

said load device being capable of gradually increasing the load over time, 

said physiological signal measuring unit being an electrocardiographic sensor detecting an electrocardio- 
graphic signal, 

said exertion level estimating unit estimating the exertion level based on the electrocardiographic signal 
30 detected while said load is gradually increased, and 

said exertion level estimating unit including a unit for calculating a fluctuation of heartbeat rate intervals in each 
electrocardiographic signal detected, a unit for calculating a power of the fluctuation of heartbeat rate intervals 
and a unit for finding a convergence point of a change of the power with respect to an increase of the load, and 
estimates an exertion load corresponding to said convergence point as the exertion level. 

35 , 

13. (Deleted) 

14. (Amended) An exercise machine, comprising: 

40 a load device capable of changing a load; 

a physiological signal measuring unit measuring a physiological signal noninvasively overtime; 

an exertion level estimating unit estimating an exertion level based on the physiological signal corresponding 

to a change of the load of said load device; 

a changing unit changing the load of said load device employing the exertion level estimated; 
45 a unit for determining an exercise program based on said exertion level; and 

a unit for outputting the exercise program determined. 

15. The exercise machine according to claim 14, wherein a pitch or load is altered so that the exercise is proceeded 
according to said exercise program. 

50 

16. (Amended) An exercise machine, comprising: 
a load device capable of changing a load; 

a physiological signal measuring unit measuring a physiological signal noninvasively overtime; 
55 an exertion level estimating unit estimating an exertion level based on the physiological signal corresponding 

to a change of the load of said load device; and 

a changing unit changing the load of said load device employing the exertion level estimated; 

said exertion level estimating unit evaluating aerobic working capacity by calculating a ratio, in percentage, of 
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the estimated exertion level to a maximum heartbeat rate, and outputting the evaluated aerobic working capac- 
fty for display. 

1 7. An exercise machine, comprising: 

of the electrocardiographic signal detected while the load is gradually increased, 
of heartbeat rate intervals; and 

a unit for controlling the load of the «oad device based on the exert.on level est.mated. 

1 8. The exercise machine according to claim 1 7, wherein said exertion level is an anaerobic threshold. 

1 » (Amended) The exercise machine according to claim 1 4, wherein aerobic working capacity is evaluated from an 
estimated value of oxygen intake at the exertion level estimated. 

20. An exercise machine, comprising: 

a load device gradually increasing a load over time; 

of the load around the exertion level estimated. 
21 The exercise machine according to claim 20, wherein said exertion level is an anaerobic threshold. 

based on other physiological information or physical information of a test subject. 

M , ApT , onH( ,H\ The exercise machine according to claim 17, comprising a determination unit for determining 
^S^^SZ^ «s performed or nottaking into account a degree of said fluctuate of heart- 

beat rate intervals at rest, 
age, sex of a test subject, 
speed. 

26. A method of evaluating physical strength, comprising the steps of: 

a*»tin 9 phy^al Strang* «d an tart Iron, me heartbeat rate and «uauanon 0. 



heartbeat rate intervals thus found. 
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27. The physical strength evaluating method according to claim 26, wherein said exertion level is an anaerobic 
threshold. 

28. A pulse rate meter, comprising: 

5 

a pulse rate sensor detecting a pulse rate signal produced by a heart; 
an alarm unit demanding a gradual increase of a pitch of exercise; 

an exertion level estimating unit estimating an exertion level based on the pulse rate signal detected by the 
pulse rate sensor while exercise is gradually intensified; and 
70 a unit for setting a pace based on the pitch of exercise upon estimation of said exertion level. 

29. The pulse rate meter according to claim 28, wherein said exertion level estimating unit estimates the exertion 
level based on a change of said pulse rate signal. 

15 30. The pulse rate meter according to claim 29, wherein said estimated exertion level is an anaerobic threshold. 

31. (Amended) The pulse rate meter according to claim 28, wherein said exertion level can be input using an input 
device. 

20 32. (Amended) The pulse rate meter according to claim 28, wherein said exertion level estimating unit estimates 

the exertion level based on a fluctuation of pulse rate intervals. 

33. (Amended) The pulse rate meter according to claim 28, wherein said exertion level estimating unit includes a 
unit for calculating a fluctuation of pulse rate intervals in each pulse rate signal detected, a unit for calculating 

25 entropy of the fluctuation of pulse rate intervals and a unit for finding a minimum point of a characteristic change of 
the entropy with respect to the exercise being intensified, and estimates a load corresponding to the minimum point 
as the exertion level. 

34. (Amended) The pulse rate meter according to claim 28, comprising an alarm unit notifying of completion of esti- 
30 mation by said exertion level estimating unit upon the completion. 

35. (Amended) The pulse rate meter according to claim 28, wherein said estimated exertion level is output for dis- 
play. 

35 36. (Amended) The pulse rate meter according to claim 28, comprising a unit for designating, when said exertion 
level is reached by gradually intensifying the exercise, a pace of exercise corresponding to the exertion level. 

37. (Amended) The pulse rate meter according to claim 28, comprising a unit for calculating an exercise time with 
exertion intensity within a target zone that is set based on said exertion level and an exercise time with exertion 

40 intensity that is stronger or weaker than the exertion intensity within the target zone, a unit for displaying the exer- 

cise times, and/or a unit for storing the exercise times. 

38. (Amended) The exercise machine according to claim 28, wherein said exertion level estimating unit includes a 
unit for calculating a fluctuation of heartbeat rate intervals in each electrocardiographic signal detected, a unit for 

45 calculating a power of the fluctuation of heartbeat rate intervals and a unit for finding a convergence point of a 

change of the power with respect to an increase of the load, and estimates an exertion load corresponding to said 
convergence point as the exertion level. 
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